
,

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

WAlr’mm Iuw(m”r
ORIGINALLY SUED

April194?as
AdvanceConfidentialReportI/+D12

WIND-TUNNELINVESTIGATIONOF CONTROL-SURFACECHARACTERISTICS

XVII- BEYELED-TRAILING-EDGEFLATSOF

0.20,0.30,AND0.40AIRFOILCHORD

Cl?ANNACA0009AIRFOIL

By VernardE. Lockwood

LangleyMemorialAeronauticalLaboratory
LangleyField,Va.

‘....

~~ ~ “ NAiX ~“’~~~
..’””

WASHINGTON

NACA WARTIME REPORTS are reprints of papers originally issued to provide rapid distribution of
advance research results to an authorized group requiring them for the war effort. They were pre-
viously held under a security status but are riow unclasstiied. Some of these reports were not tech-
nically edited. All have been reproduced without change in order to expedite general distribution.

L- 666 LI n b n LliXN-!!lX
LANGLEYMEMOilIALAE20NAUTIM

LABORATORY
Langley Fieki.,V&

.-

4

.

*



.
. IITATIONAL ADVISQRY C01?11IilTPEEFOR AERONAUTICS

MX/ANCZ CCNFHHNTIAL REPORT NO. .L4D12.

..*

u’

WIND-TUIUPZL INVXSTIGATION OF C!ONTROL-SURFACE CHARACTZRISTICS

XVII - wv :;LwD-TRi~ILI?7G-ED9EFLAPS OF’

0.20, 0.30~ AND 0.40 AIRFOIL CHORD

Fores tests in two-~i:nensional flow have been made
in the NA.CA4- by 6-foot vertical tunnel to determine
the aerodynanic ch.aracteristics”of an NA!3A0(209airf’oil
~j~it~..jqapsilavi,n,,zcb.orcls%0, 30, and 40 percent of the
.?L~.Z’f’Of~CklOZ’d &in& 200, 30°, and ~Oo beveled .traj_ling
edges. The effect of’a gap at the nose OF the flap
and of’a rough leading edge was detemi.ned for the
i’1.a-pseguipped wit-nthe 30° beveled trailing edge.

The results indicated that,with a smooth leadin~
edge, tke increased tvailing-edfleangle on the flaps
with sealed gaps Gecrjased the slope of the control-
fi.xedlift curve and the lif~ eff’ecti-reness~ The
increased trailir,g-ed~e angle generally reduced the
hinge momnt, th,atis, gave positive increments In the
rate cf change of hinge-moment coefficient with angle
of’attack and flap dei’lecti.on. The hinge-moment
characteristics also sh,owcdthat, as the fla~ chord
YaS incrsased, the bevel angle that geve”the”-great3st
red-.lctio~qof hi.nsemoments was increased.

Openin.~the gaps at the nose of the flaps caused a
reduetion in the slopes of th~ lift ctlrvesand ~ positive
i.ncremen.t in ti3eslopes of ti2ehinge-mornantc?urves,
The addition of rou~hness strips t,othe nose of’the
airfoil produced si~,ilarresul~s.

Force tests of’a

INTRODUCTION

number of NACA
have T.meil made previous to the investigation reported

symmetrical ai~foils
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herein for the purpose of’providing data for the design
of control surfaces, The modifications that have been
previously tested,includs alterations of flap profile,
fla:pnose shape, balance chord$ gap size, and to some
extent trailing-edge angle. P1’evioustests of airfoils
have shown that considerable reduction in the hinge
moments of flaps may be obtainad by Increasing the
trailing-edge anflle(T:ferences 1 to 4). Tinepurpose
of the nresent investigation is to show the effect of
a wide ran~e of trailing-edge angle on the aerodynamic
characteristics of flaps of various chords. The
investigation also includes tests of some of the models
with an open gap at the nose of the flap and with a
roug”b.lead@ edge.

APPARATUS MID MODZL

The tests wers made in the NACA 4- by 6-foot
vertical tunnel d.escrlbedin reference 5 and modified
as described in reference 6.

The 2-foot-chord by 4-foot-span Model was Made of
laminated mahogany to the NACA 13@09profile ahead of
each hinge axis. (See t~ble 1.] The model ~f~stested
with flaps having chords 20, 30, and 40 percent of the
airfoil chord (0020c, (),~~e,~n~ O,~@)G Each flap
had threa interchangeable trailing-edge portions with
included angles of 20°, 30°, and 40°. A.plain nose
with radius equal to approximately one-half’the airfoil
thicknes’~n.tthe hinge axis was used,on each flap.
T1~eprofiles of the flaps are defined in fipme 1. An
additional 0.30c flap$ which had an asymmetric bevel
with respect to the chord line and is hereinafter
referred to as the 30~ asymmetric flap, was tested.
The 30° included mglo at the trailing edge was divided
to give a 100 hev~l to one su~fa~e :~nda 200 bevel to
the other surface and to Hake the bevel chords of the
two surfaces equal. The gaps between the noses of the
flaps mxl the cover plates were 0.C)02C.
the tests,

For most of
the gap was sealed b;~sheet rubber glued

to the nose of the flap and to the airfoil ahead of
the flap.

For a few tests, the transition point on the air-
foil was fixed by the addition of a strip 2 inches wide

.
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at the nose cn each surface of tti.eairfoil. The rough
strip was composed of No. 60 carborundu.mfastened to
the leading edge along the full span of the mpdel.

Wme tests were readsat a dynamic pressure of’
15 pounds per squar~ foot, which corresponds to a
velocity of about 76 r~iilesper hour at sta:ndards~a-
level conditions. ~~lee.f’j?ectiveReynolds number for
these tests was approximately 2,760,000. (Rffecti.ve
Reynolds number = Test Reynolds number X Turbulence
factare The tu~”bulencef~.ctorfor t?i~ ITACA4“ bY
6-f’ootvertjcal tunneg is 1.93.)

For the rest of the tests~ the dymuni-cpressure =
was reduced to 11.25 pounds per square foot because
insuff’~cj.e~~t~Ol~ier‘IJasa’~~thble for coll”~irll~.ousop~r&-
ti.onof the tunrrelat a dynamic pressu.raof’15 pounds
per square foot. The dynamic pressure of 11.~5 pou-nds
per square feet corresponds to a velo~ftY of about
66 miles per hour and an effective Reyno~ds .n.+.mberOf’
anprox.imately2,390,000.

The various model modifications and test Reynolds
numbers aiqe[~ivenin table II.

RRSIILTS

Symbols

Coef’ficl~ntsad symbols used
as fOllOWS:

herein are defined

CJ airfoil SeCtiOi~lift coeff’iciant(t/QC)

cd airfoil section profile-dra~ coefficient (do/qc)
o

cm airfoil section pitchirlg-rflomeiltcoefficient (l?l/qc~)

ch flap section hin~e-moment coef’ficiant ~h~/qcf2}.. G
1.

1~’fl-~re
..

2 airfoil section

? do aii’foil.section



ch~rd of basic airfoil,with.flap neutral

i’lapchord

clynamicpresslmj

~~g~~ of’~~taek for tiirf’oi.lof infinite aspect
ratio

flap deflection with respect to airfoil

flaj?trailing-edge angle; also referred to as
bevel angle

.
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Subscripts:

1? airfoil-contour plain flap

b beveled.flap for @ 11.6°

The subscripts outside the parentheses represent the
factors held coilstantduring the measurement of tk~e
parameters.

Precision

The maximum error in angle of’attack appears to
be *0.2°. The sfi~a~lamount of lift obtained at an
angle of attack of 0° for all tests with flap neutral
indicates some inaccuracy in model construction or
installatioil. Flap deflect~o,nswere set within,~Oo~o.
Tunnel corrections experimentally determined in the
NTACA4- by 6-foot vertical tunnel were applied only
to lift. The hfu.gemoments are probably slightly
hi@2~3r ihan would be obtained in free air. The
increments of profile-drag.coefficient are believed to
be accurate within tO.OCl for slflallflap deflections
and within 10.003 for large.flap ~efle~tions and should

be reasonably independent of tunnel effect although the
absolute value is subject to an U~.k-nOlIVnc~rrect~orlt

Presentation of Data

The aerodynamic section characteristics of the
NACA 0009 airfoil with tke various flap arrangement~
tested are presented in,figures 2 to 140 The lift,
hi.rige-moment,and pltck..ing--momsntparameters are given
i.ntable 11. The flap lift effectiveness cqj is @ven
as a .fu.nction0.?flap ct~ordratio for the ~~alqio~strailing-
ed~e angles in i’i~u.re15.

The data presented in fl,gures15 to 18 show flap
section Mnge-moment coef’fici.entas a functio-nof
airfoil section lift coGffici.entresulting from the
deflection of’the 0.20c, 0.30c, and 0.40c flaps at
‘O = 00. The effects of gap, trailing-edge angle,
and leading-edge roughness are shown in Darts (a), (b),
and (c), respectively The variation o+ flap section
hinge-moment parameters with flap trailing-edge angle
is given in figures 1.9and 20 for the O?20C, 0.30c,
and 0.40c flaps with gaps sealed.
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increments of airfoil section profile-drag coefi’i-
clent caused by flap deflection for the 0.20c, 0.30c,
t!nd0.40c beveled flaps with various trailing-edge
.?.n,glesand gap condltlc,nsare shown in figures 21 to 23.
Increments of profile-drag coefficient for the 0.30c plain
fl.a~of’reference G are includad in figure 22 for com-
par~.san.

The hinge-moment characteristics of the flaps With
0.0CJ2Cand.sealed gapz may be compared from figure 24 for
an airfcil with a smodth leadin,ged.g~. Sinilar data
for airfoils with smooth.~nd rou~h leading edgas are
given ~.nf~~ure 25 for flaps with sealed gaps to show
tllaeffect cf’fixing the transj.tic:n~oint.

Lift. - As is to be expec%d f’ro.mref’erer~ces1 and 2,.——
the slope of the lif~ curve et{,,(t~.1~1.e11) was mate-
?~iall~reduced by increasing the ar.gleat the trailing
;dge @ from 20° to 300; however, as $ was increased
from 300 to 400$ this decrease was less.rlarked. The .
v~riation of flap chord from 0.2Gc t~ 0,40c for constant , -
trailing-edge angle @ decreased Cta. This decraase

was probably due to the thickened flap profile.

The lift curves (figs. 2 to 4) show that, for
positive angles of attack, the O.Z@c beveled flaps
gave greater lift and smaller hinge moments at flap
deflections of 200 and 300 than the plain or airfoil-
contour flap of reference 7, The 0.30c beveled flap
(figs. 6 to 8) also q~ve greatsr lift end smaller hinge
moments for a flap dcf-lectionof 300 than the plain
flap of’reference 6. !Ikaincreased lift at thase
i“’lapdeflections is contrary ta that shown by the air-
foil of reference 2, for similar conditions.

The size of the trailing-ed~e ai~~le had little
ef’f’ect@n the angle of attack at which the airf~il
stall occurred, but the increassd flap chord decreasad
fiheang~.eof stall from 13° for the 0.20c flap to
11.Ofor ths G.40c fla,p. .

..

*.

.

(!ONFIDE2VTIiLL



.
.

.

.
-,

.

.

I’igu.re15 shows that,for a given flap chord, the
flap lift-effec~j-v-ellesspara~fietava~ was decreased
as the included angle at the t.m.ilingedge was increased
a.r.dhence was less then foi’the corresponding plcin flap.
‘Thevalue of w}:’:,chi.smainly .a function of flap
chord, increas~$’wi~h flap chord in shout the s~,me
p-ro,portionjsfor a co:~stantc.ngle @ as fora plain flap.

T%e control-free lift parameter Cz given in
‘free

table 11 is valid only at a. = bf = OO. Increfising

the traili.ng-stlgeangle i.nci:’easetithe slope of the
control-free ].iftcurve. The effect was qu.alitatlvely
the sane as that noted in ueference I,

“Hingemoment,- An i.ns{)ection of the hinge-moment-—.
coeff~~ent curves (i’i~s..2 to 14) indicates that
l.ineari,ty with angle of ettack is restricted to the
curves for the 200 b~~eled trailing edge at flap
deflections of’OO.to .). Othe~’hinge-moment-coefficient
curves are less Iinem thai~corresponding curves for the
plain Flaps.

!llmhinge .-.momantc.oaffIci,sntswere generally smaller
for the 0.20c and 0.30c beveled.fla]?st?~anfor the corre-
sponding plain flaps for a given lift at U. = 0° (,fifls,16
and 17’]. Likewise, the flaps ‘fi~iththe ZOo beveled
trailing edge generally gave smaller hinge moments for
a given lift than the flaps with the 200 beveled trailing
edg:s,

The 20° and 30° bevels were eff’sctivein reducing
hinge moments for the tb.reeflaps tested as is shown by
the hinge-moment parameters plotted as a function Of
trailing--edgsangle in f~,qure19. RePhC~-ng the 300
bevel by a 40° bevel ch.anpedthe bin@-momsnt charac-
teristics of the 0.25c flap only slightly in comparison
Tj]itllcorraspon-di-ngrchanp3s on the 0.30c and 0.40c flaps.
On the 0.30c and 0.40c flaps, Cha and chb were made

more positive by the 4,00bevsl~clflap. A comparison
of the hinge-moment-coefficient curves indicatss that,
as the flap cb-ordwas i~-creased,the bevel angle that
gave the greatast rsduciion of hir~gemcmmnts was i.ncreasad.

The data fron the orosent investigation do not
appear to agree well IN~~ht~~ results of the beveled-
trailing-ed~!ecorre~ation of reference 4, The points
in figure 20 representing the hinge-moment parameters

COHFIDRNI’lAL ,
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from the ~i’esein~ series of tests are considerable scattered
from the results sst forth in reference 4. Data on
beveled cantrols obtained from various sources sines the
corrsiati.on was mada show some disazreeimentand Indicate
that more factors ShOUld be taken ifitoconsideration
tl-:.a:n~ieregiven in the colqrelationin refeuence 4.

(table 11) Efve the position of the aerodynamic center
of’the airfoil with respect to the quartei=-chordpoint.
Increasing the trailinc-edge angle shifted forward the
center of the lift “causedby angle of attack or by flap
deflections. This shift was in the sam~ direction as
was noted for the NACA 0009 airfoil ci’reference 1 and
the NJ.CA66(215)-014 airfoil of reference 20

Qraq.- Incr:smentsof airfoil section profile-drag
,coeff’’l~nt Acdc, i’c:the C,20C, 0.30c, and 0.40c bev-..
-d flaps (figs. 21 t:j23) were obtairiedb~ daducting
the drag .fGrthe flaw-neutral conditton at an angle of
attack ~~ -6°, OO,.o; 6° from the drag tor the flap-
deflectsd ccndition at the same an:~leof attack.

TIm 30° and 40° bev~l~d flaps in
5
eneral producad

smal”larincremnts of’drag than the 20 btivalsdflap for
angles of attack of 0° and 6°. Tinedifferences in drag
for “bhevarious beveled flaps at a. = ~f = 0° were
within the experimental accurac~”claimed for small flap
deflections. The profile-drag coefficient for Gf = 0°
was aFproxirl,ately0.0196$ 0.0112, and 0.018S for
a. = -Go, 00, and 60, respectively.

Wf’ect of Gap at Nose of Flap

An indication of the effect of a C!.002C~ap at the
nose of the flap on the aerodynamic characteristics of
a flap with a beveled trailing eC&e may be seen frmm the,
parameter values of table 11 ariclfigures 16(a) to 18(a).
As expectad from the resl~ltsof refewnce G, the lift
parameters”were numerically sms.1.lerand the hinge-moment
~arameters were wore positive for fl~ps having 0.002c gaps
~,hanI’orflaps with sealed gs.ps.

.

..
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open and sealed fls.pwere typical.of’the various flaps
tested with open gap.

I
The opsn gap usu~lly gave larger increments OT the

airfoil ~~~tioi~profils-drag coefficient for angles of
attack of 6c$ oo~ an? -60 (fig~.21 to 23). The profile-
d~tagcoeffici.sntat ~f = Oo ~or the airfoil with smooth
leadin,god~e was ap~)~>oximately0.0105 at a. = 0° and
0.0170 at co = f6°.

Fixing the trarlsftionPOint by means of a rough
leading ad~e had some effect on thb aerodynamic charac-
teristics of the airfoil. The control-ff.xedlift
parameters were lmxrlericall.~J simall.erand the hi.nge-
momsnt parameters were rno?~epositive for the airf’oi.l
with rough leadirj,geclgettiahwith smooth leading edge.

Effect of Asymmetric Bevel

The aerodynamic ~~ction cliaracteristicsfor the 300
s.s~imetricflap ~re f,~.venin liGure 10. As was expected
w1th the 20° ‘bevelon tb upper surface of’the flap,
the hinge-moment coefficients Were negative at
a. = of = 000 Ths rurve of hir~~s-nomantcoef’f’iciant
as a function of a,n{gleoi’attack at 5f = 0°, lika
the curv~s ,fIorthe 400 beveled flap, has a positive
slo~e at ne.gatiwsangles‘of’attack &n.d,like the curves
for the 200 beveled flap, has a negativ~ slope at
a. > 3°. A similar tsndency is indicated In the varl~
ation of hfnge-moment coefficient with flap deflection.
Two curves, showing hinge-.mormrltcoefficient as a function
of’lift coef’ficisntat a. = Oo, are given for the 30°.. as~imwtric flap in figure 17(b), with each surface

COUFIDZ?NT’lAL
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CONCT.USIONS

Force tests in two-dirnens ional flow of flaps having
chords 20, 30, and 40 percent of the airfoil chord and
200$ 30°, arid40° bev~led trailing edges on an NA.CA0009
airfoil have besn r,adein the NACA 4- by G-foot vertical
tunne1. A comparison of the results of the tests of
models having a sri,oothleadlng edge and a sealed flap
with the results for plain i’lapshavinc chords 20 and
30 “psrcsntof tha airfoil chord on an NACA 0009 airfoil
indicated the following conclusion:

1. The j.ncjreasddtjrailing-edge angle and the
increased thickness near tha trailing edge reduced the
slo-peof the control-fixed lift curveO

?*m The flap lift effsctivenass was reclucedby the
increase of *},atraill.nfl-edgeangle and h~nc~ was less
than for the correspo.ndin,qplain f’laps,

z. Ail increase in the tratlinp-sd+;eangle Renerall.y
/:flvea more pcsiti.veslcpe to the rate of change of
hinge-moment coefficient ~i~~tki anrle of attack and with
flap deflection. The hinge-moment characteristics also
showed that, as tb.eflap chord was i.-ncreased,tha bevel
angle tk~atgave tha greatest reduction cf hinge momsnts
was increased.

.d Aerodynamic centers of llf’tthat result i’rom
varyi~~ the angle of’attack and varyins t.hsflap deflec-
tion were generally shifted forward by an increage of
the trailing-edge an.f;le.

5. Openin~~the gaps at ths n~se cf the flaps with
a 30° bevelecitiailin.qedge decreased the slope of the
control-f’ixedlift curve and decreased the flap effect-
iveness. The slopes of the cmves of hinge-moment
coeff’icl.entagainst an~le of attack and flap deflection
are more positive for the fla~ with open ~an than with
the sealed gap. !!!hedrag was “generallyhi~lierfor
flaps with open tlmn with sealed gaps.

.

..



.5* l?f.xi.ngthe transition at the leading edge of
t~~eaj.Pfol.lby the add,iti.onof .roughneSS had an effeCt
on the li~!tand.Einge.mofient.similar to that caused
by opening the gap, l’hsmaximum lift was reduced by
additicn of’the rough leading edge.

,
v,* The asymstr: o flap with 20° bevel on the u.ppei’

surface and 10° bevel on the lower surface gave negative
hinge womsnts at zero angle of attack and zero flap
deflection. The hinge-,noment-coefficient curve as a
functicn of angle of attack at zero flap deflection @ad
a ~OS~t~~7~ S10j~6 ~~ ne~a”ti’tineangles of attack and a
negative slope at positive angles or attack gr~ate~~
than 3°.

Lan@. eyMemorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,

Langley Yield, Vs.:
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~tation and ordinates in percent of airfoil chord---,..”

.—.

Station Ordinate
—.

o 0
1.25 1.42
2.5 1=96
5 2.67
7.5 3;15
10 3.51
~~ ~,*(?l
20 4.30
25 4.46
~o .4.50
~(j 4e35
50 ?.97
60 3“42
70 2.’75
80 109’7
90 1.09

i% (f:,
I{j(-j

I 0.

L.E. radius: 0.8S

-“

i
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‘PABLE11. - PAUTERS FOR NACA0009 AIRFOIL WITS BEVELED-TRAILING-EDGEFLAPS

f%uwaeters rncmsured oveF small range .f .n.l..~attack and flap deflection where CUPV.8 are nearly lines,.
Because of general nonlinearity of curves , parameters should be used Only with figs. 2 to 14.
of c% llmlted to range of a from -3° to 3°; ch6 to range of 6f from -5° to 5°~

Measmmements

Description of model I I I Parameters

z
o
.

Trailing- Condition of
edge airfoil Gap at

‘eat (%)6, ($?)cl (*),ree (2)5, (%)! (%),, (%)%

Figure Reynolds
angle. # L.E. flap nose

(deg)
number

all.6
20
30

%
30

,

Smooth
--do--
--clo--
--do--
Rough
Smooth

0.20c flap
,

-------
0.022
.032
.032
.023
.036

-.m------

0.095
.121
.122
.141
.163

Sealed
--do--
--do--
do-- .-

--do--
O*OO2C

-------
2.76x10G

0.098
.098
.094
.095
.090

-0.44
-.42
-.41
-.40
-.40
-.36

-0.0050
-.0006
.0035
.0030
.0051
.0047

-0.0115
-.0079
-.0044
-.0042
-.0035
-.0022

-------
-0.190
-.184
-.180
-.179
-.180

2
3
4
3
5

2:76
2.76
2.76
2.76

n 1

0.30c flap

all.6
20
30
40
30
30

b;:

Smooth
--do--
--do--
--do--
Rough
--do--
Smooth
--do--

Sealed
--do--
--do--
--do--
--do--
0.002C
--do--
Sealed

------
6
7
8
7
9

1:

0.098
.095
.090
.089
.089
.088
.089
.093

-o●57
-.56
-.53
-.52
-*51
-.50
-.50
-.54

--*------
0.076
.101
.1’76
.122
.088
.144
.122

-0.0075
-.0034
.0010
.0048
.0025
.0000
.0036
.0016

-0.0130
-.0101
-.0044
-.0026
-.0034
-.0017
-.0029
-.0028

-------
0.022
.042
.048
.045
.049
.049
.042

------
-0.150
-.142
-.141
-.143
-.130
-.140
-.143

2.39x106
2.76
2.39
2.’76
2.76
2.76
2.39

1 1

n-0.0145 -----..- ------
-.0109 0.033 -0.113
-.0049 .050 -.096
-.0026 .063 -.095
-.0036 .057 -.090
-.0025 .049 -.107

0.40c flap

T

--------- 0.098
2.39x106 .094
2.76 .088
2.39 .086
2.76 .084
2.76 .085m -0.0101

-.0048
.0006
.0035
.0022
.0019

all.6
20

E
30
30

-0.68
-.68
-.64
-.62
-.62
-.56

--e----- -

0.066
.095
.128
.116
.121

, I n
m
.FOr airfoil-contour plaln flap from rererehoe
‘Asymmetric flap.
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